Greater use of 3D conformal, Intensity Modulated Radiotherapy (IMRT) and external beam partial breast irradiation following local excision (LE) for breast cancer has necessitated a review of the effectiveness of immobilisation methods to stabilise breast tissue.
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were diagnosed with breast cancer in England in 2010 accounting for over 30% of all female cancers (1) . For many of these women the primary treatment is local excision (LE) followed by external beam radiotherapy to the whole breast. Traditionally this has been given using basic tangential radiotherapy beams. New technology employing complex approaches such as 3D conformal and Intensity Modulated Radiotherapy (IMRT) provide the opportunity to spare sensitive structures that lie close to the breast. However, IMRT requires greater accuracy in patient alignment.
Set up inaccuracies (anterior-posterior and superior-inferior systematic displacements) have dosimetric consequences that vary depending on initial breast volume, breast gradient, standard or IMRT based techniques and magnitude of error (2) and may increase the risk of a loco-regional recurrence(3).
Furthermore, interest in partial breast radiotherapy is increasing with a number of Phase III clinical trials ongoing. Partial breast irradiation requires greater treatment accuracy to ensure an adequate dose distribution across the target volume and to reduce long-term side effects. Poor congruence between the dose distribution planned and that delivered (because of movement of the breast) may lead to poor clinical outcomes (4) .
Survival rates following LE and radiotherapy are good with local recurrence generally low (survival 79-98% at 4-5 years, local recurrence 0.3-10% (5-9)) hence more women are surviving and having to live with the side effects of therapy.
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Furthermore, the interim data from some of the Phase III clinical trials using partial breast radiotherapy has raised concerns over worse than expected cosmetic outcomes (10;11) causing at least one of these trials to close early. Accurate and effective delivery of radiotherapy requires a robust means of stabilisation of the breast and yet this important issue has not been fully considered. Hence, it is pertinent given developments in breast radiotherapy at this time to investigate methods to immobile the breast during treatment.
In the UK most centres rely on the use of permanent tattoos marked on the patient and laser systems aligned to the machine. However, accuracy using this approach can be problematic (12) and the use of permanent tattoos is of concern to many patients (13) . In addition, women with large or pendulous breasts are more difficult to position accurately and may need special immobilisation methods if accuracy is to be comparable to smaller breasted women.
To identify methods of breast stabilisation currently being used and the accuracy of each method a review of the literature was undertaken.
AIMS
The review focused on the adjuvant treatment of early breast cancer using external beam radiotherapy. The overarching aim was to identify and evaluate the benefit of additional or novel immobilization approaches (beyond the standard supine, single arm abducted and angled breast board technique adopted in UK radiotherapy departments). The following questions were central to the review: The review did not aim to address the impact on set-up accuracy of different ontreatment imaging methods.
METHOD
The review was based on a literature search of Medline, CINHAL, ScienceDirect, National Research Register, ISI Web of knowledge as well as broad Google scholar web search and individual search of key radiotherapy peer-reviewed journals, and author searching. A search of the grey literature was also conducted (Index to
Theses and a search of conference papers). Table 1 below indicates the key terms, alternatives and key word combinations used in the database searches.
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Studies were included if they fulfilled the following criteria:
 The primary focus of the research considered the immobilisation or positioning of the breast for early stage disease.
 Radiotherapy technique was external beam (partial or whole breast irradiation)
 Studies that considered radiotherapy alone or in combination with other adjuvant therapies.
 English language only (although English language abstracts of non-English articles were reviewed for relevance)
Studies focusing on brachytherapy, treatment using electrons alone or protons alone, or where the primary focus was advanced stage disease were not included in the review. Similarly, where only an abstract was available or if the study was a dosimetric analysis from a planning study alone, with no accuracy or cosmetic outcome data, the study was not included. Studies where the primary focus was a comparison of on-board imaging, or surface registration devices for set-up purposes were also excluded from the review. Articles were included from 1989 onwards to ensure as much data as possible could be retrieved.
HP completed the search process. A quality assessment tool was used for each article identified from the search and a further data repository tool used to tabulate extracted data in preparation for data synthesis. Review of the titles and abstracts identified from the search was undertaken to identify any possible duplicate studies including reports that followed up earlier studies.
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Data was extracted and assessed for quality by HP and independently assessed by DG using electronic forms to allow easy data storage and retrieval. Agreements between assessment reviewers occurred in 26 out of the 27 article reviews. The disagreement on article 2(14) was discussed and resolved(15) through joint discussion and review.
An adaptation of the Scottish Intercollegiate Guidelines network (SIGN)
checklists (16) were used for quality assessment using the guidelines from the Centre for Reviews and Dissemination (15) .
Data synthesis was primarily via descriptive analysis of the extracted data which is collated and presented in tabular format (see Tables 2 and 3 in the results section).
Once a final agreed set of research studies was identified for inclusion each full paper was reviewed and assessed for quality using the quality assessment tools identified above (quality assessment undertaken by HP and DG independently).
3.0 RESULTS Figure 1 indicates the number of included articles in the review from the hits identified from the database search as well as those articles included via other identification routes. The articles reviewed on supine and prone positioning are tabulated in Table 2 and 3 below, the quality assessment identified in the final column indicates the assessment made in relation to the attempts to minimise bias in the results and conclusions. Using an adaptation of the SIGN checklists the quality assessment is based on a sliding scale (++ to -) with ++ representing high 9 quality (based on study design ie whether patients were randomised, and efforts to minimise opportunities for bias) ' + ' was chosen as the minimum quality standard on which conclusions were drawn. Of the 17 responding centres (10 returned from Australia, 5 New Zealand and 2 from UK) the most commonly applied techniques were prone positioning, and a supine breast board system. The prone breast technique was rated as the most effective at immobilising the breast although this is a subjective assessment, no quantitative data is available to support reproducibility. The breast board was rated most user friendly along with the prone technique, although it is unclear if the user is the therapist or the patient. Thermoplastic devices, stockings, and an L-shaped breast plate were considered least user-friendly. The breast boards and prone breast platform were considered highly re-usable, L-shaped, breast ring and vacuum bags were also reusable. In terms of patient comfort, the wireless bra was rated as most comfortable with the L-shaped device and breast cups rated least comfortable (but it is not clear if this is the health care professional rating this on the patient's behalf).
Considering therapist rated effectiveness, reproducibility, ease of use, patient comfort, skin dose, reduction of skin folds, patient positioning and cost the methods rated highest were the vacuum bags and the breast cups; however, the survey sample was small, only from 3 countries and hence the data may be of limited value.
A review of set up errors across six treatment sites by Hurkmans et al (18) As the studies conducted in this field tend to be pilot or feasibility studies it is difficult to assess the scientific quality of the research in the same way as full experimental designs. For this reason, all studies irrespective of the quality standard will be mentioned in this section to allow the opportunity to identify potentially useful immobilisation procedures. However, the results for some of the following studies should be viewed with caution given the study designs and small sample sizes.
Eight studies report methods or materials that could be used to immobilise the breast or chest-wall ( (14) . The acrylic micro-shell horse-shoe design presents a very cost-effective approach to the problem of breast immobilisation. This can be re-used and adapted for large and small breasts, is fairly straight forward to produce more when needed, and a small area of the breast is in contact with the acrylic meaning skin toxicity will be limited to a fairly small area. However, the micro-shell still produces higher skin doses than no device in the order of 9%. In this study there was no measure of patient satisfaction using the device or measure of target reproducibility and subsequent cosmetic outcome (14) . A more recent study by Strydhorst et al (23) investigated the impact of the use of a thermoplastic shell to immobilise the breast or chest-wall. This study involved a single cohort of patients that were part of a larger study investigating tomotherapy for breast irradiation in high risk patients. Only 8 patients were analysed in the immobilisation device. Of these patients 5 had undergone mastectomy and 3 LE (across both right and left sides). CT planning was undertaken under normal breathing conditions. Measurements were taken at maximum inhalation and exhalation for external contour and lung from the CT images and the difference between the two breathing positions was measured. Total displacement over the course of the respiratory cycle was measured in 3 transverse planes for each patient at the mid-breast and then 5.1 cm above and below this point. The authors conclude that for 7 out of 8 patients the thermoplastic immobiliser restricted intra-fraction motion associated with breathing in the AP direction below 2 mm. However, without comparable data from a control group it cannot be determined if the thermoplastic reduced this motion, this may have occurred without the immobilisation based on how the measurements were taken. In addition, it could be argued that patients with a mastectomy are easier to reproduce than those who have undergone a LE, so the data may not be fully applicable to the population of concern. The inter-fraction movements identified that patients were not reliably positioned within the shells on a daily basis and hence this method is not acceptable as a method for improving daily reproducibility especially in the cranio-caudal direction where both random and systematic errors were around a centimetre or greater (23) .
An older study by Zierhut et al (26) investigating thermoplastic immobilisation in 7 patients using a repeated measures design, assessed set-up with and without the thermoplastic immobilization. Immobilisation was via thermoplastic over the breast that was attached to the breast board. With the thermoplastic device in position the mean ventro-dorsal shift was 0.3 cm +/-0.29 cm, CCD was 0.41 cm +/-0.53 cm.
Surface dose was increased from 47% (+/-6%) to 64% (+/-12%) using the thermoplastic. Maximum skin reaction was dry desquamation in 6 patients and moist desquamation in 1. Cosmetic outcome at 1.5 years was reported as good but there was no indication of the assessment method used for cosmesis. In terms of acute skin reactions no comparator group was provided and no indication of location or the size of the dry and moist desquamation.
A final study investigated the benefits of treating women with large breasts in a commercially available bra/bustier (31) . The authors assessed rate of acute radiation dermatitis as the primary endpoint, no accuracy or reproducibility data was collected.
The results indicate the commercial bra increased the rate of dermatitis compared with no bra (grade 2 dermatitis occurred in 90% of cases with a bra compared with 70% of cases without a bra p=0.003). Dosimteric analysis of 12 cases within this study(31) identified a decrease in the volume of heart irradiated with use of the bra (volume decreased by 63% p=0.002) indicating that the bra may lift tissue away from the chest wall. However, it is not clear how cases were selected for this sub analysis so the data maybe unreliable.
3.1.2.PRONE IMMOBILISATION METHODS
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The remaining 11 papers included in Table 3 investigated immobilisation in the prone position (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) . Of these 11 studies 6 were scored at the '+' or '++' quality standard (35, (37) (38) (39) (42) (43) and will be discussed below.
It is not uncommon for additional positioning aids to be used for positioning in the prone position either to support the treated breast or to aid comfort and decrease pressure on the contra-lateral breast. Becker et al (42) Patients undergoing supine breast irradiation had significantly lower rates of radiation dermatitis grade 1 and 2 (55% vs 38% grade 1, 35% vs 19.5% grade 2, prone vs supine respectively p=0.025). No association was identified between acute skin reactions and PTV dose homogeneity or set-up errors. However, this could be a reflection of the relatively small sample size (n=41) given set-up errors were small it is likely that a larger sample would be needed to demonstrate statistically significant correlations between skin toxicity and positional errors.
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The second randomized study by Kirby et al was a cross-over design (n=25) (38) However, where adequate data on reproducibility are reported population random and systematic errors appear larger than those achievable with supine positioning and are generally over 3 mm in all directions (38) .
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Advantages and disadvantages of the supine versus the prone technique are presented in Table 4 below.
In terms of assessing the suitability of current immobilisation methods for use with conformal or IMRT technology, the following points need to be considered:
1. There is limited data available in the literature on supine breast immobilisation devices beyond the standard arm-pole or vacuum bag techniques.
2. There are few high quality randomized trials from which to draw accurate data on breast immobilisation effectiveness.
3. There are dignity issues with both supine and prone methods but prone positioning may be significantly less dignified. Tables   Table .1 . Key Words and Key Word combinations Table 2 Immobilisation Literature (Supine Position) Table 3 Immobilisation Literature (Prone Position) Table 4 The Advantages and Disadvantages of Supine vs Prone Positioning for Breast Irradiation 
